The objective of this study was to determine technician effects of live animal ultrasonic estimates of fat thickness (FTUI and longissimus muscle area (LMAUI. Steers (n = 36) representing four breed-types (Brown Swiss, Average Zebucross Mexican, Corriente Mexican, and typical British crossbred) of commercial slaughter cattle were isonified to estimate accuracy and repeatability of fat thickness (FT) and longissimus muscle area (LMAI measurements by two experienced technicians. Repeated measures of FTU and LMAU were taken by technicians on two consecutive days with a n Aloka 500V ultrasound unit equipped with a 3.5-MHz, 172-mm scanning width, linear-array transducer. Ultrasonic estimates of fat thickness and LMAU were taken a t the 12th and 13th rib interface 48 
Introduction
Consumer demands for leaner meat products, coupled with a call for the development of a n instrument grading system to assess carcass merit, could lead the beef industry closer to the development of EPD for carcass traits. reported that the method providing the most promise for incorporation of carcass merit EPD into breed improvement programs is the use J. Anim. Sci. 1992 Sci. . 70:2758 Sci. -2765 of real-time, linear-array, ultrasonic imaging for prediction of carcass characteristics. More information regarding the effect of the technician on the accuracy of ultrasonic estimates of final carcass composition in the live animal could be important in developing breeding values (EPDI for carcass traits for use by seedstock producers. The use of ultrasound has been studied extensively since the late 1950s to estimate carcass composition in livestock (Temple et al., 1956; Stouffer et al., 1961;  Gillis et al., 1973;  Houghton and Turlington, 1990) . The reported accuracy of brightness (B) mode, real-time (moving image) ultrasonic units has created a surge in their use in the livestock industry in recent years (Recio et al., 1986; Smith et al., 1990) . The effect of level of training and experience of technician on the accuracy and precision of ultrasonic estimates has been evaluated for the widely used Aloka 210DX unit W a llace and Stouffer, 1974; McLaren et al., 1991) but has not been studied on the new-generation Aloka 500V (172-mm prototype transducer) ultrasonic unit. The objectives of this study were 1) to evaluate the effect of the technician on the capture and interpretation of ultrasonic images of 12th rib fat thickness and longissimus muscle area in feedlot cattle and 2) to evaluate these effects between two trained and experienced ultrasound technicians.
Materials and Methods
Thirty-six feedlot steers were ultrasonically measured by two experienced technicians 2 d before slaughter for 12th rib fat thickness (FTU) and longissimus muscle area ILMAU) as predictors of carcass merit in cooperation with Cactus Feeders of Amarillo, TX. The animals represented four breed-types (Brown Swiss, Average Zebucross Mexican, Corriente, and typical British crossbred) currently fed in the commercial feedlot industry.
Levels of training and experience were equivalent for both technicians. Both were members of collegiate livestock judging teams and had significant experience in live animal evaluation. The two technicians had isonified more than 3,200 slaughter and breeding animals before this project. Carcass data were collected on all slaughter animals to determine the accuracy of each technician (Perkins et al., 1992) . The technicians had previous experience using three ultrasonic units (Aloka 210DX and Aloka 500V, Corometrics Medical Systems, Wallingford, CT; and Tokyo Keiki LS1000, Products Group International, Boulder, CO).
Both technicians isonified each animal on each of 2 d using a n Aloka 500V real-time, diagnostic ultrasound unit equipped with a 172-mm scanning width, 3.5-MHz linear array transducer. Site of isonification was determined by physical palpation between the 12th and 13th ribs on the left side of each animal. The ultrasound probe was placed parallel to the 12th and 13th rib bones and toward the midline and moved laterally from the backbone until the complete longissimus muscle came into full view on the screen. Corn oil (Mazola, CPC Foodservice, Englewood Cliffs, NJ) was used as a couplant to obtain proper acoustical contact on the unclipped animals. Copious amounts of oil were applied to the palpated area, which was curried until it was free of dirt and debris and then oiled again for optimum image registration. Internal electronic calipers of the ultrasound unit were used to determine FTU estimates in the field. The LMAU estimates were determined from recorded ultrasound images using computer software (PLUSMORPH, Woods Hole Educational Associates, Woods Hole, MA) in the ultrasonics laboratory. Captured images from both days were recorded on a high-resolution VHS video cassette recorder (Model HR-S6600U, JVC Co. of America, Elmwood Park, NJ) and interpreted by the technician who captured the image. A super-flab guide (Animal Ultrasound Services, Ithaca, NY) was used to ensure proper contact between the rigid ultrasound transducer and the curvature of the animal's back.
Carcass fat thickness (FTC) and longissimus muscle area (LMAC) were measured a t the 12th and 13th rib interface 48 h postmortem by a qualified meat grader. The LMA was measured by the dot grid method.
Repeated estimates of LMA were made from the recorded ultrasound images using the computer software package to evaluate image interpretation by technician. The second and first LMA measurements were made on different days. Interpretation of the image was made by the same technician who captured the original image, which allowed the measurement of repeatability on image interpretation in conjunction with image capture.
Data were analyzed with SAS (1986). The effects of day, technician, breed-type, all two-factor interactions, and the three-factor interaction were included in the linear model used in the GLM procedure. An appropriate reduced model was analyzed for overall animal effects. Pearson correlation coefficients and rank correlation coefficients were calculated between ultrasonic and actual carcass measures.
Total variance was the sum of technician, day, animal, and residual variances. The SAS VAR-COMPB procedure REML was used to estimate variance components. Repeatability (R) was estimated by intraclass correlation, where the variation between animals was equated to the total variation between (V[BI) and within (V[WII animals
Variability between animals (n = 36) was based on the mean of two measures. The intraclass correlation (t) sampling variance was calculated using the following equation (Falconer, 1981): where n = the number of repeated measurements made on each animal and N = the number of animals. 
Results
Means and standard deviations for the descriptive measures of the animals are presented in Table 1 . Fat thickness over the 12th rib was overestimated, whereas LMA was underestimated, by both technicians. Differences between ultrasonic and carcass measures were not statistically different for either measure. Absolute differences (IFTDIFFI and (LMADIFFII were calculated between FTC and FTU and between LMAC and LMAU, respectively. Expressed as percentages (IFTUDIFFI and ILMAUDIFFII of the carcass measures, these absolute difference values may be interpreted as proportional error rates of 20.7% for FT 6.1% for LMA, respectively. These values indicate the magnitude of error in ultrasonic estimates in relation to the actual carcass measures of FT and LMA. Actual differences (FTDIFF and LMADIFFI also were calculated between FTC and F' TU and between LMAC and LMAU, respectively. These values indicate that overestimation occurred more often for FT and underestimation occurred more often for LMA.
The F-values and error mean squares for the sources of variation in ultrasonic and carcass measurements are shown in (1991) found considerably lower correlation coefficients for both carcass measures for operators with various levels of experience using a n Aloka 2 lODX split-screen unit. (Tong et al., 1983; Henningsson et al., 1986; McLaren et al., 1991) Standard errors of differences and predictions offer a n alternative means for assessing measures of accuracy and precision in addition to correlations and absolute mean differences. Standard errors of differences between repeat measures for FT were .14 and .07 cm and for LMA were 3.6 and simus muscle area.
Discussion
The livestock industry has expressed interest in becoming more efficient in its production of a lean, yet palatable, product. Researchers for many years have searched for an accurate, cost-effective, and simple means of predicting composition of the live animal to aid the livestock producer. Recio et al. 11986) reported that recent developments in ultrasonics led to new interest in ultrasonic techniques for estimating body composition in meat-producing animals. Wilson et al. (1990) reported that the method providing the most promise for incorporation of carcass merit EPD into breed improvement programs is the use of real-time, linear-array, ultrasonic imaging for prediction of carcass compositional attributes.
Early research used amplitude (A) mode, onedimensional display ultrasonic imaging. Currently, brightness (B) mode, two-dimensional, dot-display imaging, which has real-time capabilities, is most often used. Real-time units produce live, instantaneous moving images by rapid electric switching from element to element. Simple correlation coefficients between ultrasonic and carcass measurements were reported to range from .55 to .94 for FT and from .2O to .94 for LMA (Houghton and Turlington, 1990) using split-screen, B-mode, ultra sonic instrument at ion.
The wide variability in LMA correlations could be due in part to having to split the image to capture the entire longissimus muscle area. Stouffer (1988) suggested that the ability or inability to match the medial and lateral halves of the longissimus muscle when using a split-screen technique may contribute to the lower accuracies. Discrepancies also could arise from improper placement of the transducer, improper cleaning of the area isonified, changes of configuration during the onset of rigor mortis, and improper ribbing of the carcass at the 12th and 13th rib interface.
Recent technological advances have improved the speed and accuracy of ultrasound equipment relative to units used in early studies. The correlations between ultrasonic and carcass measures of FT and LMA in this report (.E6 and .79, respectively) are similar to those reported by Duello et al. Error percentage rates (20.7%) and absolute mean differences (.17 cm) reported in this study (Table 1) for FT were similar to the 20.6% error percentage rates and .19 cm absolute mean differences reported by Perkins et al. (1992) using the split-screen imaging technology. These results indicate little to no improvement in accuracy in estimating FT using the longer transducer. However, elimination of the split-screen imaging techniques (and possibly increased experience) may have led to improved accuracies of ultrasonic estimates of LMAC. Evidence for this is the improvement of error percentage rates (6.1%) and absolute mean differences (4.42 cm2) reported for LMA in these results over those reported by Perkins et al. (1992) . In that study, 9.4% error rates and 7.4 cm2 absolute mean differences for LMA were reported.
If ultrasound measurements are to become the means for developing breed databanks for carcass merit, evaluation of technician effects is of high priority. Of particular importance is evaluation of level of variability within technicians, because between-technician variance is more easily addressed in analysis of field data through contemporary grouping. Robinson et al. (1992) stated that the variability within herds, years, seasons, and contemporary groups for measures of carcass merit is likely to be small, thus magnifying the importance of technician accuracy on proper ranking of animals.
Previous research has shown that accuracy of ultrasound is dependent on the technician and improves with experience (Wallace and Stouffer, 1974; McLaren et al., 1991) . Therefore, skills in the capture of ultrasonic images and interpretation of the captured image are of paramount importance. Temple et al. (1965) found errors in ultrasonic evaluation of live cattle resulting in decreased accuracy in predicting lean and fat to be due to 11 animal variation, 21 tissue shape changes during slaughter, 3) interpretation, and 4) machine manipulation by the operator. They suggested that machine settings for proper soundwave penetration and clearing signals, among other factors, were critical for proper interpretation.
Frequency distributions from these data (Figures 1 and 2 ) indicated no differences between technicians in estimating FTC but revealed technician differences in predicting LMAC. This difference in precision likely was due to interpretational errors and not to animal variation or machine settings, because the latter were held constant for both technicians. Although precision differences existed between technicians, the frequency distributions from this study were higher than those reported by Smith et al. (19901 for FT (62% within .25 cm) and for LMA (58% within 6.5 cm21 using split-screen procedures.
Considerable debate concerning the most appropriate method for assessing technician accuracy and precision has occurred. Australian work (Robinson et al., 19921 has suggested the criteria of standard errors of prediction (SE,) and differences (SEd). These measures, unlike correlation and repeatability methods, are independent of the level of variability in the particular sample of animals measured. Results from this type of evaluation in this study were higher for FT but were 19.5 and 27.9% lower for LMA (SEd and SE,, respectively) than the average accredited scanners in the National Carcass Evaluation project in Australia (McDonald, 1991) . The observation of increased error variance over that of the Australian work using this technique and equipment also coincides with previous data on these same technicians (Perkins et al., 1992) . Miles et al. (1983) stated that comparisons between estimates of fatness levels of animals, based on the interpretation of ultrasonic scans by technicians, will inevitably suffer from subjective variability. The subjective variability consisted of 11 measurements made by different individuals that differed in predictive value, 2) differences in predictive value occurring when the same technician used different ultrasonic instruments, and 31 inability to remove differences due to variability in interpretation after averaging a large number of readings from ultrasonic images. These results (Table 1) suggest error differences ranging from 17.4 to 23.4% in estimating FT levels of slaughter cattle. Wallace and Stouffer (1974) found that significant differences existed between four different operators of ultrasound equipment in interpretation of captured images. McLaren et al. (1991) also revealed significant variability among operators for operator-interpreted scans of LMA. Data in this study (Table 3) suggest equal importance of ultrasonic image retrieval and interpretation by technician when estimating FT and LMA using ultrasound. The work of McLaren et al. (1991) involved operators of various degrees of experience, but this research involved two technicians with equally high degrees of training and experience.
Research has revealed considerable variation in the amount of fat and muscle deposited in differ-PERKINS ent breed-types of cattle at the carcass level using traditional yield and quality grade standards (Damon et al., 1960; Abraham et al., 1968; Cundiff et al., 1975) . Limited research on breed-type effects of ultrasonic errors have been reported in the literature. Faulkner et al. (19901 found that breed did not influence ultrasound measurements of FT in slaughter animals. Table 2 of our results shows significant differences to have existed for ultrasound prediction errors across the breed-types represented. Oltjen et al. (1989) reported that FTU was fairly accurate across various breed-types but overpredicted LMA to a significantly higher degree in British x Exotic crosses than in crosses having greater than 318 Zebu breeding. Our results (Table 1) indicate that the largest error percentage (7.7%) rate for LMA was on the breedtype having the largest LMA (78.7 cm2). No general trends for FT error rates can be detected from these results. Additionally, significant differences for technicians and breed-type x technician interactions were not detected in this study, indicating that technicians were equally accurate, or in error, depending on the perspective, independent of breed-type.
A common belief of most researchers is that technicians are less accurate and(or1 precise in estimating LMAC measures using ultrasound than they are in estimating FTC. However, rank correlations from this study suggest that technicians were better able to rank animals ultrasonically on LMA estimates than on FT estimates. Both technicians had equivalent simple and rank correlations for LMA but had lower rank than simple correlations for FT.
Implications
These results suggest that the capture and interpretation of ultrasonic images of fat thickness and longissimus muscle area in feedlot cattle is accurate and repeatable between and within experienced technicians. If properly trained and evaluated, technicians contributing to breed performance databases under designed protocols could be treated as part of contemporary group effects in national cattle evaluation programs. However, further research of several features of ultrasonography is needed. In order of priority, these are 1) accurate and precise methods for predicting palatability-related factors, 2) understanding of relationships between ultrasonic predictors of carcass traits in breeding-age bulls and heifers and slaughter progeny, and 3) determination of appropriate criteria and acceptable levels of accuracy for "certifying" technicians.
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